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Abstract 
 
In winter, the stack effect causes problems in high-rise buildings. In order to prevent it, it is necessary to clarify significant factors 
influencing ventilation behaviors for whole building. In this paper, the pressure differences at elevator doors were measured through one winter 
for an actual high-rise building in use. Furthermore the correlation of pressure differences with the parameters such as time, the temperature 
differences between elevator shafts and outdoor air and the outdoor wind velocity was studied. It was suggested that opening of entrance and 
elevator doors might influence significantly pressure differences, and thus the ventilation behavior of whole building. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 
In winter, the stack effect causes air intrusion from opened entrance door, difficulty to open of doors, and noise at gaps of 
doors in high-rise buildings. In order to prevent the stack effect, it is necessary to estimate the behavior of the natural ventilation 
quantitatively for a whole building. Most of studies on ventilation in buildings were based on either numerical calculation or 
measurement, and the comparisons between calculated and measured results have not been adequately studied. Yoshino et al. [1] 
examined influences on air leakage amount at each opening at a high-rise building including residences and shops. Sakurai et al. 
[2] proposed equations to calculate effective opening area from both the number of passer and opening time of doors at a high- 
rise office building. Kohri et al. [3] proposed models to calculate effective opening area of automatic door that considered both 
the basic movement of doors and the number of passer at a high-rise building. Sakurai et al. [4] measured air temperatures 
through elevator shafts and pressure differences between elevator shafts and each rooms at a high-rise office building.  Hatanaka 
et al. [5] clarified loci of air using the tracer gas. Kato et al. [6] showed the relationship between pressure differences and opening 
of entrance doors at a high-rise office building. Shimmura et al. [7] considered methods to prevent the stack effect based on the 
measurement for 5 months in winter season. Ricketts at el. [8] measured pressure differences between corridors and adjacent 
rooms for 1 year at a high-rise residential building. Hayakawa et al. [9] showed that calculated pressure differences at elevator 
door agreed with measured values on the situation which elevator doors were closed at an 8 storied building. Lim et al. [10]   and 
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Jo et al. [11] showed that calculated pressure differences at elevator door agreed with measured values on the situation entrance 
and elevator doors were closed at high-rise buildings. In these studies comparing calculated and measured values, the entrance 
doors and elevator doors were assumed to keep closed or opened, even though the situation will change by spontaneous behaviors 
of the occupants. In order to predict ventilation behaviors, it is necessary to determine the area of the apertures which connect 
rooms, especially states of door opening which changes constantly. In this paper, to clarify the significant factors influencing 
pressure fluctuation, the correlation of the pressure differences at elevator door in an actual high-rise building measured during 
winter with the parameters such as time, the temperature differences (between elevator shafts and outdoor air) and the outdoor 
wind velocity was studied. 
 
 
2. Measurement 
 
2.1. Outline of the targeted building 
 
The targeted building is 195 meters high including shops (B1, 1 F), a theater (3 to 7 F), offices (9 to 11 F, 15 to 36 F), 
restaurants (2, 12, 37 F). Sectional view of the targeted building is shown in Figure 1. Plan view at B1, 1, 13 F is shown in Figure 
2. Each floor height is shown in Table 1. This building has three elevator shafts (A, B, C); shaft A for exclusive use of the one 
company which has offices at 9 to 11 F, shaft B for direct transportation to the transit floor (13 F), shaft C for transportation 
between higher floors (13 F and upper floors). Features of the elevators in each elevator shaft are shown in Table 2. At the top of 
each elevator shaft, there is a machine room for the elevators. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Sectional view of the targeted building Figure 2. Plan view at B1, 1, 13F from top *North is upper side of this paper 
Table 1. Each floor height  Table 2. Features of the elevators in each elevator shaft 
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2.2. Methods of measurements 
 
Pressure differences at elevator doors are measured by differential pressure gauge (NAGANO KEIKI) at the top and bottom 
of each shaft (Table 3). Temperatures in elevator shafts are measured by temperature data logger (KN laboratories, DS1922L) at 
the top and middle and bottom of the each shaft, the center of the horizontal section. There are 5 measurement points in shaft C 
because shaft C is longer than shafts A, B. Periods and intervals of measurements are shown in Table 4. For the outdoor air 
temperature and the outdoor wind velocity, the meteorological observatory data closest to the targeted building are used. 
 
Table 3. Floors of measurement at each shaft 
 㼜㼞㼑㼟㼟㼡㼞㼑㻌㼐㼕㼒㼒㼑㼞㼑㼚㼏㼑㼟㻌㼍㼠㻌㼑㼘㼑㼢㼍㼠㼛㼞㻌㼐㼛㼛㼞㼟㻌 㼠㼑㼙㼜㼑㼞㼍㼠㼡㼞㼑㼟㻌㼕㼚㻌㼑㼘㼑㼢㼍㼛㼞㻌㼟㼔㼍㼒㼠㼟㻌
㼒㼘㼛㼛㼞㼟㻌㼛㼒㻌㼙㼑㼍㼟㼡㼞㼑㼙㼑㼚㼠㼟㻌㻔㼟㼔㼍㼒㼠㻌㻭㻕㻌 㻮㻝㻲㻘㻌㻝㻟㻲㻌 㻮㻝㻲㻘㻌㻣㻲㻘㻌㻝㻟㻲㻌
㼒㼘㼛㼛㼞㼟㻌㼛㼒㻌㼙㼑㼍㼟㼡㼞㼑㼙㼑㼚㼠㼟㻌㻔㼟㼔㼍㼒㼠㻌㻮㻕㻌 㻝㻲㻘㻌㻝㻟㻲㻌 㻝㻲㻘㻌㻣㻲㻘㻌㻝㻟㻲㻌
㼒㼘㼛㼛㼞㼟㻌㼛㼒㻌㼙㼑㼍㼟㼡㼞㼑㼙㼑㼚㼠㼟㻌㻔㼟㼔㼍㼒㼠㻌㻯㻕㻌 㻝㻟㻲㻘㻌㻟㻣㻲㻌 㻝㻟㻲㻘㻌㻝㻣㻲㻘㻌㻞㻠㻲㻘㻌㻟㻝㻲㻘㻌㻟㻣㻲㻌
 
Table 4. Periods and intervals of measurement 
 㼜㼞㼑㼟㼟㼡㼞㼑㻌㼐㼕㼒㼒㼑㼞㼑㼚㼏㼑㼟㻌㼍㼠㻌㼑㼘㼑㼢㼍㼠㼛㼞㻌㼐㼛㼛㼞㼟㻌 㼠㼑㼙㼜㼑㼞㼍㼠㼡㼞㼑㼟㻌㼕㼚㻌㼑㼘㼑㼢㼍㼛㼞㻌㼟㼔㼍㼒㼠㼟㻌
㼜㼑㼞㼕㼛㼐㼟㻌㼛㼒㻌㼙㼑㼍㼟㼡㼞㼑㼙㼑㼚㼠㼟㻌 㻺㼛㼢㼑㼙㼎㼑㼞㻘㻌㻞㻜㻝㻟㻌㼠㼛㻌㻹㼍㼞㼏㼔㻘㻌㻞㻜㻝㻠㻌 㻺㼛㼢㼑㼙㼎㼑㼞㻘㻌㻞㻜㻝㻟㻌㼠㼛㻌㻹㼍㼞㼏㼔㻘㻌㻞㻜㻝㻠㻌
㼕㼚㼠㼑㼞㼢㼍㼘㼟㻌㼛㼒㻌㼙㼑㼍㼟㼡㼞㼑㼙㼑㼚㼠㼟㻌 㻡㻌㼙㼕㼚㼡㼠㼑㼟㻌㻔㼕㼚㼟㼠㼍㼚㼠㼍㼚㼑㼛㼡㼟㻌㼢㼍㼘㼡㼑㻕㻌 㻝㻌㼔㼛㼡㼞㻌㻔㼕㼚㼟㼠㼍㼚㼠㼍㼚㼑㼛㼡㼟㻌㼢㼍㼘㼡㼑㻕㻌
 
2.3. Results of measurements 
 
2.3.1. Time series of pressure differences 
Time series of pressure differences at elevator door is shown in Figure 3. Pressure differences are defined as the pressure of 
elevator shaft minus that of elevator hall. The pressure differences fluctuates more during daytime than during nighttime for most 
of the measured points. This indicates that the doors of entrances and elevators are almost closed during nighttime, and that the 
pressure tends to be stable. However, the pressure differences at the bottom of the shaft A fluctuated largely even during 
nighttime. The elevator in shaft A is exclusively used by one company, and due to its job activity, the elevator could be used 
even during nighttime. The absolute value of pressure differences at the bottom of shaft C was large during nighttime, and small 
during daytime. This is because the elevator doors opens more frequently during daytime. The fluctuation at the bottom of every 
shaft was larger than that at the top. This is because there are doors which connects the bottom floor and the outdoor air, and its 
opening influences the pressure differences during daytime. 
 
 
 
 
 
 
Figure 3. Time series of pressure differences at elevator doors (elevator shaft minus elevator hall), February, 3324 data 
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2.3.2. The relationship between pressure differences and temperature differences (between elevator shaft and outdoor air) 
The relationship between pressure differences at elevator doors and temperature differences (between elevator shaft and 
outdoor air) is shown in Figure 4. The coefficients of determination for the regression line were large except for the bottom of 
shaft A. The larger the temperature difference was, the larger the absolute value of pressure differences was. The slope of the 
regression line was sharpest for the bottom of shaft B, followed by the bottom of shaft C. 
Pressure differences classified into nighttime and daytime in weekdays are shown in Figure 5. At the bottom of shaft A, the 
top and bottom of shaft C, the absolute value of pressure differences in daytime was smaller than in nighttime in case of the same 
temperature differences. It is not likely to happen that both the two doors between the elevator hall at B1 F of shaft A and 
outdoor air (B1 F entrance door-2, B1 F partition door in Figure 2) are opened at a time, because the number of user of elevators 
in shaft A is smaller than other shafts. Therefore the influence of the opening of entrance doors is smaller than that of elevator 
doors in shaft A. The influences of the opening entrance doors on pressure differences at shaft C are indirect. Therefore the 
absolute value of pressure differences in daytime is small because of the significant influences of elevator doors opening. At the 
top and bottom of shaft B, the absolute value of pressure differences in daytime is larger than in nighttime. This is because the 
entrance door which approaches directly the elevator hall (‘1 F entrance door-2’ in Figure 2) is opened frequently. 
 
 
Figure 4. The relationship between the pressure difference at elevator doors (elevator shaft minus elevator hall) and 
the temperature differences (elevator shaft – outdoor air), February, from left shaft A, B, C   273 data 
 
 
Figure 5. The relationship between the pressure differences at elevator doors (elevator shaft minus elevator hall) and the temperature differences (elevator shaft 
minus outdoor air), winter, weekday, nighttime (0:00 a.m. to 5:00 a.m.) and daytime (0:00 p.m. to 5:00 p.m.), from left shaft A, B, C   240 data 
 
 
2.3.3. The relationship between pressure differences and the outdoor wind velocity 
The relationship between pressure differences at elevator doors and the outdoor wind velocity is shown in Figure 6. The 
coefficient of determination of the regression is small at all the measured points. 
Pressure differences classified into nighttime and daytime in weekdays are shown in Figure 7. The absolute value of the 
pressure differences increased if the wind velocity increased at all the points. At the bottom of shaft B in daytime, the coefficient 
of determination of the regression was larger than other measured points. The larger the wind velocity was, the larger the 
absolute value of the pressure differences at the bottom of shaft B was. This is because the elevator hall at elevator shaft B is 
pressurized by the wind pressure through the entrance door (1 F entrance door-2 in Figure 2) which is opened frequently during 
daytime. 
 
 
Figure 6. The relationship between the pressure difference at elevator doors (elevator shaft minus elevator hall) 
and the outdoor wind velocity, February, from left shaft A, B, C   273 data 
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Figure 7. The relationship between the pressure difference at elevator doors (elevator shaft minus elevator hall) 
and the outdoor wind velocity, winter, weekday, nighttime and daytime, from left shaft A, B, C   240 data 
 
 
2.4. Discussion 
 
The pressure differences at the elevator door correlates more with the temperature differences than with the outdoor wind 
velocity (Figures 4, 6). Furthermore the absolute value of the pressure differences increased if the temperature differences 
increased (Figure 4). Time series of pressure differences showed that pressure differences varied according to between nighttime 
and daytime (Figure 3). This is because that air temperatures, wind velocity and the opening of entrance and elevator doors are 
changing according to between nighttime and daytime. Comparison between pressure differences during nighttime and daytime 
suggested that the opening of doors might influence pressure differences (Figures 5, 7). The frequency of opening of entrance 
and elevator doors influences the pressure differences at elevator doors. The absolute value of pressure differences at the bottom 
of shaft B during daytime was larger than that during nighttime (Figure 5). This is because pressure differences at the bottom of 
shaft B are influenced significantly by the opening of the entrance door during daytime. The absolute value of pressure differences 
at the bottom of shaft C in daytime was smaller than that in nighttime (Figure 5). This is because pressure differences at the bottom 
of the shaft C are influenced significantly by the opening of the elevator door during daytime. 
 
3. Conclusion 
 
The pressure differences at elevator door of the top and bottom of elevator shaft was measured at the actual high-rise office 
building in winter. Furthermore the correlation of pressure differences with the parameters such as time, the temperature 
differences (between elevator shafts and outdoor air) and the outdoor wind velocity was studied. The long-term measured data 
showed that the temperature differences were dominating for pressure differences at the high-rise building targeted in this paper. 
The frequency of opening of entrance and elevator doors was shown to be influential to the pressure differences at elevator doors, 
and thus ventilation behavior of the whole building. 
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